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ABSTRACT 
Older women with osteoporosis and back pain are common patients in primary health care. 
Varied physical exercise with focus on back extensor strength and balance is an important 
non-pharmacological treatment method that these patients can benefit from.                                                               
Aim: The overall aim of this thesis was to gain knowledge about complementary treatment 
methods of back pain in older women with osteoporosis with or without vertebral fractures in 
primary health care.                                                                                                                                              
Material and Methods: Study I, a cross-sectional study, studied the relationship between 
spinal curvature and balance in a cohort of 96 women, 81-91 years old. Study II was an 
Randomised Controlled Trial (RCT) with 113 women ≥60 years, randomized to treatment 
with an activating spinal orthosis, to equipment training and to a control group during a 
treatment period of six months. Study III was a qualitative study in which 18 women were 
interviewed in five focus groups about their perceptions and experiences of using the 
activating spinal orthosis. Study IV was a post-intervention follow up study of the spinal 
orthosis group (n=38) and the exercise group (n=38) six months after the end of the RCT. We 
investigated how back pain, back extensor strength and other outcomes were affected when 
the participants used the spinal orthosis and  the home exercise programme voluntarily.                                                                                              
Results: Study I: It was found that 31% of the women had suffered a vertebral fracture. 
Women with hyperkyphosis (n=45) had a better ability to tandem standing with eyes open, 
tandem gait forwards and tandem gait backwards. The age-adjusted Odds ratio (OR) to 
perform tandem gait (cut-off at four steps) for women with hyperkyphosis were for tandem 
gait forward OR 2.8 (CI 95% 1.1-7.4) and tandem gait backwards, compared to women 
without hyperkyphosis. Study II: Analysis between the activating spinal orthosis group, the 
training group, and the control group showed neither significant difference in back extensor 
strength nor in back pain, after six months of intervention. Women who had been treated with 
the activating spinal orthosis had insignificantly increased their back extensor strength with 
27% (from 64.4 N to 81.7 N, p = 0.053) after six months of treatment. Women in the 
equipment training group increased their back extensor strength by 22% (from 59.6 N to 72.8 
N, p = 0.013). Perceived back pain measured with VAS and Borg CR-10 showed no 
significant change in any group at the end of the RCT. Study III: The overall theme was “A 
well-adapted spinal orthosis could develop into a long-lasting friendship that provided 
support and help in daily life.”  Study IV:  Independent use of the activating spinal orthosis 
and independent training, did not change previously obtained results in back extensor strength 
or other variables that were examined.                                                                                                                                               
Conclusion: The results of the thesis indicate that the activating spinal orthosis could be used 
as an aid and as a training method for individuals with osteoporosis and back pain. However, 
physical training that involves and improves several functions of the body should be 
considered as the first-hand choice. 
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1 INTRODUCTION 
Osteoporosis and fragility fractures are a major health problem among older people 1. A 
fragility fracture can cause severe pain in the acute phase, and at later stages it may cause 
chronic pain and difficulties in performing daily activities. The burden of fragility fractures 
leads to increased healthcare costs for medical treatment and rehabilitation in addition to the 
suffering of the patient caused by the fracture 2.  
1.1 DEFINITION 
Osteoporosis is characterized by decreased bone density and an increased risk of fractures. 
According to the WHO, osteoporosis is defined as “a systemic skeletal disease characterized 
by low bone mass and micro architectural deterioration of bone tissue, leading to enhanced 
bone fragility and a consequent increase in fracture risk” 1 WHO 1994. The definition of 
osteoporosis is based on the BMD (Bone Mineral Density) measurement expressed in             
T-scores 1. The value of the BMD is compared to a reference population of young individuals 
of the same sex and ethnicity who have reached their PBM (Peak Bone Mass), which occurs 
between 25 and 30 years of age. The T-score is used in the clinical context as a diagnostic 
criterion for osteoporosis. It shows the number of SDs (Standard Deviations) that the patient's 
value deviates from the PBM (Peak Bone Mass). Diagnostic criteria for osteopenia, 
osteoporosis, and manifest osteoporosis apply to T-scores from DXA (Dual-energy  X-ray 
Absorptiometry) measurement at the lumbar spine and hip.  
Normal bone density T-score ≥ –1 SD  of a reference population of young individuals 
Osteopenia                     T-score < –1 and > –2.5 SD                                                                
Osteoporosis                  T-score ≤ –2.5 SD                                                                
Established osteoporosis  T-score ≤ –2.5 SD and a fragility fracture 3.   
The cut-off points above are valid for postmenopausal women. Cut-off points for younger 
individuals and for men are missing. In clinical practice, the same cut-off points are used for 
men and women. Sweden is one of the countries with the highest incidences of fragility 
fractures in the world, and the lifetime risk for a Swedish woman who is 50 years old to 
suffer a fragility fracture is 47.3% and the lifetime risk for a Swedish man is 23.8% 4. 
Vertebral fractures are the most common fragility fracture and hip fracture is the most serious 
fragility fracture and can cause severe complications with long rehabilitation and difficulties 
in returning to daily activities. About 20% of patients who suffer a hip fracture die within a 
year of the injury 5. 
1.2 VERTEBRAL FRACTURES 
Osteoporosis and back pain with vertebral fractures is a common condition in older women 
that often leads to visits to primary care. Vertebral fractures are the most common type of 
fragility fracture 6. A vertebral fracture that occurs suddenly can be very painful in the acute 
phase. In the aftermath, a vertebral fracture can lead to chronic pain conditions due to 
changed load conditions of the back. A vertebral fracture can also occur gradually over a 
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longer period without symptoms of back pain. The symptoms in the back may arise gradually 
as fatigue pain as well as impaired posture and the development of kyphosis, loss of height, 
and impaired lung function, especially in the case of multiple vertebral fractures. 
Underdiagnosis of vertebral fractures is a major problem, and it is estimated that only one 
third of all vertebral fractures are detected clinically 7. A vertebral fracture is often located in 
the area around the thoraco-lumbar transition, but can occur throughout the thoracic spine and 
lumbar spine. Back pain and impaired posture often occur as a result of a vertebral fracture, 
which can affect important daily activities and can lead to impaired health-related quality of 
life (HRQL) 8-10. The diagnosis of vertebral fractures is made by a radiograph of the thoracic 
and lumbar spine and can be classified according to Genant´s “Semiquantitative Grading for 
Vertebral Fractures” 11. When classifying fractures according to Genant, the height of the 
vertebra and the location of the compression are assessed, and if the height of the vertebra has 
decreased more than 20% a vertebral fracture is diagnosed 11. After having experienced one 
vertebral fracture the relative risk to suffer another vertebral fracture is four times greater than 
those without prior fractures. Having several previous fractures further increases the risk 12,13. 
Treatment with bone-specific drugs can prevent new vertebral fractures but has no effect on 
the back pain that can occur after a vertebral fracture. 
1.3 SPINAL CURVATURE IN PATIENTS WITH OSTEOPOROSIS 
1.3.1 Kyphosis 
Increased thoracic kyphosis occurs frequently in women who have reached the age of 75 
years or older 14. In individuals with osteoporosis, thoracic kyphosis often occurs after 
multiple wedge-shaped vertebral fractures and can lead to increased mortality 15. An 
association is also seen between osteoporosis-related fracture and BMD, previous fractures, 
and increased thoracic kyphosis 16. Independent of osteoporosis, increased thoracic kyphosis 
is associated with an increased risk of falls and fractures 16,17 17. It has also been shown that 
osteoporotic kyphosis can lead to decreased lung function 18, 19, 20.  Several studies have 
shown that people with osteoporosis, with or without thoracic kyphosis, have impaired 
postural control and thus are at higher risk of falling and suffering a fracture 21, 22 . It is not 
clear whether impaired balance in individuals with thoracic kyphosis is due to weak back 
extensor muscles or to the thoracic kyphosis. Some studies have shown that patients with 
osteoporosis have impaired postural balance and that the problems become worse in patients 
with both osteoporosis and increased thoracic kyphosis 22. Other studies have shown 
uncertain results when examining the association between impaired postural balance and 
osteoporosis, especially in younger postmenopausal women 23-25. One study showed that 
vertebral fractures were associated with impaired balance independent of thoracic       
kyphosis 26.  
1.3.2 Lumbar lordosis 
Individuals with straightened lumbar lordosis and especially lumbar kyphosis have been 
shown in previous studies to have impaired balance and increased risk of falling regardless of 
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the occurrence of thoracic kyphosis. However, no account was taken of whether the patient 
had one or more vertebral fractures 27,28. 
1.4 TREATMENT WITH TRAINING OF BACK EXTENSOR MUSCLES 
Several studies have shown that training of the back extensor muscles is an important part of 
the treatment of individuals with osteoporosis. Exercises that increase the strength of the back 
extensor muscles have been shown to reduce back pain and improve HRQL. It has also been 
shown that training of the back extensor muscles can positively affect balance and fear of 
falls and thus falls and fractures can be prevented 29, 30, 31, 32, 33, 32. Training of back extensor 
muscles is an important part of the prevention of vertebral fractures, as has been shown in 
previous studies 33, 34. With increasing age, the strength in back extensors muscles decreases, 
which can lead to the development of kyphosis. Training of the back extensor muscles can 
delay the progression of hyperkyphosis and improve posture 35.  
1.5 TREATMENT WITH AN ACTIVATING SPINAL ORTHOSIS 
An activating spinal orthosis has been developed that activates the back extensor muscles and 
at the same time stabilizes the back. This activating spinal orthosis has been studied in 
rehabilitation after an acute vertebral fracture and in previous studies it was shown that back 
pain significantly decreased and daily activities were facilitated 36, 37. Treatment with an 
activating spinal orthosis after a vertebral fracture in the subacute phase have in several 
studies shown to increase back extensor strength and reduce problems with back pain in 
individuals with osteoporosis, back pain and vertebral fractures 38, 39, 40. The results of some 
studies also show that the spinal orthosis can improve a kyphotic angle, facilitate daily living 
as well as body sway 39, 40. There is a lack of studies about treatment with an activating spinal 
orthosis in individuals with osteoporosis and back pain with or without vertebral fractures and 
more chronic symptoms with back pain. In one study it was shown that postmenopausal 
osteoporotic women with or without vertebral fractures significantly improved back extensor 
strength and back pain in the activating spinal orthosis group 41. It has also been shown that 
gait speed and daily activities improved, while wearing an activating spinal orthosis for six 
months in women with osteoporosis, with or without vertebral fractures 42. Studies that can 
confirm positive results that have emerged so far on treatment with an activating spinal 
orthosis are needed. An activating spinal orthosis could be a treatment option to strengthen 
the back extensor muscles and facilitate daily life for patients with osteoporosis and back pain 
in primary health care. Efforts are needed to reduce the number of vertebral fractures, 
improve and expand treatment methods and treatment options for individuals who have been 
diagnosed with osteoporosis and who have back pain that affect daily activities. 
1.6 BALANCE 
Balance control depends on several different systems in the body interacting; the 
musculoskeletal, neuromuscular, vestibular, somatosensory and visual systems  43. With 
increasing age, the balance deteriorates due to degenerative changes in these systems.  
Muscle strength in the musculoskeletal system decreases significantly with the aging process. 
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Reduced muscle strength leads to increased fall and fracture risk in the elderly 44-46. The 
ability to coordinate different muscle groups in balance-demanding situations also 
deteriorates with increasing age 47. Physical training with strength training of back extensors 
muscles and trunk muscles is an effective treatment method that provides increased axial 
stability and the ability to find balance in demanding situations, which can prevent falls and 
fragility fractures 48. In a previous study, it has been shown that individuals with osteoporosis 
show higher postural sway velocity than controls despite of other problems in the back 49. 
Hyperkyphosis is a condition that can be seen in individuals with osteoporosis and can be 
caused by wedge-shaped vertebral fractures. In a study where the relationship between 
osteoporosis-related hyperkyphosis and balance was studied, it could be seen that in people 
with hyperkyphosis, balance and postural sway as well as the strength of the back extensors 
were significantly reduced 21. Another study indicated that individuals with osteoporosis had 
greater postural sway compared to individual without osteoporosis. In individuals with 
kyphosis and osteoporosis, the postural sway increased more 50. It has been shown that 
individuals with osteoporosis-related hyperkyphosis have decreased back extensor strength, 
increased body sway and gait unsteadiness that may increase the risk of falls 21. Training of 
the back extensor strength plays an important role in order to improve axial stability and 
prevent falls and fragility fractures 51. In a couple of studies where an activating spinal 
orthosis has been used it was shown that back extensor strength increased and that body sway 
was improved in patient with osteoporosis, back pain and atraumatic vertebral fractures 
39,40,52. 
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2 OVERALL AIMS 
The overall aim of this thesis was to gain knowledge about complementary treatment 
methods of back pain in older women with osteoporosis with or without vertebral fractures in 
primary health care.  
2.1 SPECIFIC AIMS 
The specific aims were 
• to investigate the relationship between spinal curvature and balance in older women 
with an increased risk of osteoporotic fractures (Study I). 
 
• to evaluate the effect of treatment with an activating spinal orthosis on back pain and 
back extensor strength in older women with osteoporosis and back pain compared to 
equipment training led by a physiotherapist and a control group over a treatment 
period of six months (Study II). 
 
• to gain increased knowledge about the perceptions and experiences of using an 
activating spinal orthosis in women with osteoporosis and back pain (Study III). 
 
• to investigate in a post-intervention follow-up study how back pain, back extensor 
strength, and other secondary outcomes were affected in the participants voluntarily 
using the activating spinal orthosis and training according to a home exercise 
programme over a six-month follow-up period (Study IV). 
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3 MATERIAL AND METHODS 
3.1 STUDY DESIGN 
Four different study designs were used in this thesis – a cross-sectional (Study I), a 
randomised controlled trial (RCT) (Study II), a qualitative study with focus group interviews 
(Study III), and a post-intervention follow-up study (Study IV). An overview of the study 
design, data collection, participants, and statistical analyses is given in Table 1. 
Table 1. Overview showing the study design, data collection, participants, and statistical 
analyses of the studies included in this thesis. 
Study design Data collection 
 
Participants Statistical analyses 
Study I 
Cross-sectional 
study 
Individual visits 
Background questions 
EQ-5D 
Clinical tests 
Radiographs of the 
thoracic and lumbar 
spine 
A cohort of 96 women,     
81–91 years old,            
living in Bagarmossen, a 
suburb in Southern 
Stockholm 
Descriptive and 
comparative 
statistical analyses. 
Logistic regression 
analyses were used 
for calculation of 
odds ratios 
Study II 
Randomised 
controlled trial 
 
Individual visits 
Background questions 
EQ-5D 
Clinical tests   
Radiographs of the 
thoracic and lumbar 
spine 
Participants came from three 
different sources;                                  
- participants in                  
study I                         (n = 13)                                                 
- participants in an 
Osteoporosis School   (n = 15)                            
 – participants responding to 
advertisement in local 
newspapers                 (n = 85) 
Randomised          (n = 113) 
Descriptive and 
comparative 
statistical analyses. 
Mixed linear model 
analyses according 
to intention to treat. 
Study III 
Qualitative study  
Focus-group 
interviews 
A group of 18 women 
who had used the activating 
spinal orthosis Spinomed 
Qualitative content 
analysis with an 
inductive approach. 
Study IV 
Follow-up six 
months after the 
end of the 
interventions in the 
randomised 
controlled trial 
(Study II) 
 
Individual visits 
Background questions 
EQ-5D 
Clinical tests 
 
A group of 76 women 
who participated in Study II 
Spinal orthosis group (n = 38) 
Exercise group           (n = 38) 
Descriptive and 
comparative 
statistical analyses. 
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3.2 THE STUDY POPULATION 
The women who participated in the four studies of this thesis came from three different 
sources.   
3.2.1 Study I 
The population in study I consisted of 96 women born between 1920 and 1930 who lived in 
Bagarmossen, a suburb in Southern Stockholm. They had previously participated in the 
research project PRIMOS (Primary Health Care and Osteoporosis Study) between 1999 and 
2000, which is when baseline data were collected 53, 54, 55. Originally there were 937 women 
included in the cohort, of which 351 accepted to participate in the PRIMOS project. Study I 
was started in 2011, and 229 women were invited to participate. Out of the 351 women who 
participated in PRIMOS, 122 women had died between 2000 and 2011. This cohort of 
women had become very old, ranging in age from 82 to 92 years. The flowchart of study I is 
given in figure 1. 
3.2.2 Non-participation and drop-out analyses, Study I 
Due to old age and reduced functional ability and difficulties in getting to the examinations, 
130 women declined to participate in Study I and 17 women did not respond. Eleven of these 
17 women had died. There were only 82 women who accepted to participate, and because of 
the low number of participants home visits were offered to 130 women who had declined 
participation due to poor health. To be met for a home visit, the woman had to have refused 
to participate mainly due to poor health, had to live in her own accommodation, and had to be 
able to give informed consent. Of the 130 women, 50 women did not meet the criteria or did 
not respond to the invitation to a home visit, while 80 women met the criteria and were 
invited for a home visit. Of these, 35 women declined continued participation, 31 women did 
not respond to the invitation, and 14 women accepted a home visit. For the 35 women who 
responded but declined further participation, a drop out analysis was performed via a 
telephone interview in which 30 women were interviewed. According to the interviews, 63% 
abstained due to poor health and 37% out of disinterest in further participation. The 
interviews also showed that the women who refused further participation to a greater extent 
were living alone, 80% compared to 65% for those who participated. More non-participating 
women (57%) used walking aids compared to the study participants (38%). Home care and 
home health care were used by slightly more women among the non-participants. Otherwise, 
there were no noticeable differences between those who abstained and those who 
participated.  
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Figure 1. Flowchart of the study population - Study I  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
937 women                                                                            
born between 1920 and 1930                                                         
living in Bagarmossen (a suburb in Stockholm)  1999 
351 accepted to 
participate 
 
 
122 had died 
82 accepted to 
participate 
 
14 accepted                           
a home visit 
56 were not suitable for home 
visit according to criteria above 
Random selection 
229 invited to participate in 
the current study 
In the current study: 
2012-2013:  82-92 years 
 
 
 
80 subjects fulfilled the criteria 
above and  were offered a 
home visit 
66 not available:                                                    
35 declined                                                        
31 did not respond  
11 had died 
Due to the low number of participants (preferably due to health reasons *), home visits were offered to women  who:     
a) had answered our invitation but chose not to participate due to poor health or of unknown reason                                      
b) were living in their own apartment/house in the Stockholm area                                                                                                      
c) did not have a trustee and were able to give informed consent 
Studie IV 
Kvalitativ studie 
 
Fokusgrupps  
intervjuer 
18 kvinnor 
Som använt den 
aktiverande ryggortosen 
Spinomed 
Kvalitativ 
innehållsanalys med 
en induktiv ansats. 
 
 
147 not available:                                                                    
130 declined and 17 did not respond 
to invitation 
 
  
*50/76 according to 
non-participation form 
 
96 participants 
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3.2.3 Study II 
The participants included in Study II came from three different sources.                                             
Inclusion criteria were diagnosed osteoporosis, back pain with or without vertebral fractures, 
and being a woman aged  ≥60 years. Exclusion criteria were difficulties in following the 
research protocol, spinal stenosis, and language problems.                                                                                                                  
An invitation was sent to the 82 women included in Study I who were not offered a home 
visit, and 13 women met the criteria and accepted to participate. An invitation was also sent 
to 52 women who participated in an Osteoporosis School at Primärvårdsrehab Serafen 2007-
2010, of which 15 women met the criteria and accepted to participate in this study. A request 
to participate in the study was published in four local newspapers and in the patient 
association's magazine. In this way, 85 additional participants were recruited. A total of 113 
women were randomised to the three arms. The number of participants and drop-outs in 
Study II are shown in Figure 2. 
3.2.4 Study III 
The 31 women who had been wearing the spinal orthosis for six months in Study II were 
invited to a qualitative study with focus-group interviews. Eighteen women accepted to 
participate, while 13 women declined participation due to conflicts with activities, holidays, 
poor health, or professional work.  
3.2.5 Study IV 
Those women who had completed the six-month intervention in the RCT, including 31 
women in the spinal orthosis group and 31 women in the training group, were asked to come 
for a follow-up after another six months. The women were informed that they could wear the 
spinal orthosis and exercise completely voluntarily during the six months. In the spinal 
orthosis group, 29 women came for a follow-up visit and in the training group 28 women 
came for a follow-up. The number of participants in each group and the drop-outs are shown 
in Figure 2. 
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Figure 2     Flow chart for Studies II and IV 
 
 
 
 
 
 
 
 
 
 
Start extended 
follow up study                                     
31 
Start extended 
follow up study                                     
31 
 
2 declined 
further 
participation 
2 declined further 
participation          
1 due to illness 
Follow up after six months 
n=29 
Follow up after six months 
n=28 
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3.3 DATA COLLECTION 
3.3.1 Study I 
All data were collected during the visit to the physiotherapist or physician. The women were 
also referred for a radiograph of the thoracic and lumbar spine to determine whether they had 
vertebral fractures. 
3.3.2 Study II 
Study II was designed as an RCT, and data were collected on four occasions. The study was 
conducted from May 2012 to December 2014. At the first appointment, with a 
physiotherapist or a physician, all baseline data and measurements were collected, and 
women who met the inclusion criteria were randomised. All women who had not participated 
in Study I were referred for a radiograph to determine if they had suffered vertebral fractures. 
After one month, a letter was sent with questions about changes in medication and back pain. 
Visits two and three were appointments to a physiotherapist or a physician. The visits in the 
RCT are shown in Table 2.  
Table 2. Flow chart of the visits in the RCT. 
Baseline 
measurement 
Visit 0 A letter      Visit 1 Visit 2 Visit 3 
 
Randomisation One month Three  
months 
Six months 
(end of 
treatment) 
12 months 
(follow-up) 
 
3.3.3 Study III 
Study III was a qualitative study with a qualitative inductive approach, and the data were 
collected through five focus-group interviews conducted from November 2014 to January 
2015 56, 57. The focus-group interviews were performed by the author and an observer. The 
observer took notes about what happened during the interviews and about what could not be 
captured on the recordings. A semi-structured interview guide was used that contained 
several open-ended questions regarding thoughts about how the spinal orthosis affected the 
participants’ daily life. Perceptions of how it felt to wear the spinal orthosis and thoughts 
about handling the orthosis were also expressed during the interviews. 
3.3.4 Study IV 
Study IV was a post-intervention follow-up study where the data collection was performed 
six months after the end of the RCT. The visits in Studies II and IV are shown in Table 2. 
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3.4 MEASUREMENTS 
3.4.1 Back pain 
In Studies I, II, and IV, back pain was assessed with a VAS (Visual Analogue Scale) where 
no pain was rated as 0 mm and the worst possible pain was rated as 100 mm and with the 
Borg CR-10 where no pain was rated as 0 and the worst possible pain as 10 58, 59,60,61. In 
Study II, back pain was the primary outcome and was assessed at baseline, after one month, 
at three months, and at the end of intervention after six months. Back pain was scored as 
present back pain as well as an overall assessment of pain during the previous week. 
3.4.2 Muscle strength 
In Study I, back extensor strength was measured by back raising (lying on the abdomen) with 
the arms at the sides with a maximum time of three minutes 62.  In Studies II and IV, back 
extensor strength was measured with the computerised device DigiMax (Mecha-Tronic, 
Germany) 38,39. Participants sat in a fixed standardised position with a seatbelt around the hip 
and chest and with a 90° angle between the hip and knee. The participant pressed the upper 
part of the body against a plate for six seconds. The results were presented in Newtons (N) as 
the mean pressure for six seconds and as the maximum pressure at any time during the six 
seconds. Grip strength for both the right and left hand was measured with a Jamar 
dynamometer.  
3.4.3 Spinal curvature 
In Studies I, II, and IV, the spinal curvature was measured with a Flexicurve ruler 
(manufacturer Pedihealth AB). The Flexicurve ruler is flexible and is moulded to the curve of 
the spine with the patient in as upright a position as possible, and then the curve of the ruler is 
traced on paper 63,64. The instrument has been suggested to be reliable and valid compared to 
other non-invasive methods for measuring spinal curvature. In Study II, the spinal curvature 
was measured at baseline and then six months later at the end of the study. 
3.4.4 Balance and gait speed 
In Studies I, II, and IV, both static and dynamic balance tests were performed. The static tests 
included the following three tests. Standing test on two legs was performed with the feet 
close together and the arms crossed in front of the body with the eyes open and with the eyes 
closed. In the tandem standing balance test, one foot was placed in front of the other (heel to 
toe on a line) with the eyes open and with the eyes closed. The one-leg standing balance test 
was performed on each leg with the eyes open and the eyes closed and the arms in front of the 
body and no support for the lifted leg. The static balance tests were performed without shoes 
and were each performed twice. The time of the test was limited to a maximum of 30 s, and if 
the supporting foot was moved or the arms or the lifted leg touched any support the timing 
was stopped. 
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The dynamic balance tests included the tandem gait forwards heel to toe on a line and the 
tandem gait backwards toe to heel between two lines with 15 cm between the lines. The tests 
were performed twice in each direction with a maximum of 15 correct steps and were stopped 
in case of a wrong step. All participants were given two attempts to perform the tests 65, 66. In 
the timed gait speed test for 30 m, the participants wore shoes and walked as fast as possible 
for 15 m, turned, and walked back without losing their balance. The participant was allowed 
to use a walking aid during the test when needed.  
3.4.5 Pulmonary capacity 
Spirometry (Welch Allyn, SpiroPerfect Spirometry, USA) was performed to assess forced 
vital capacity (FVC) in Studies I, II, and IV. In Study II, spirometry was measured at 
baseline, after three months, and at the end of the intervention after six months. 
3.4.6 Tools and instruments for risk assessment 
In Studies I, II, and IV, the risk of falling was assessed with the DFRI (Downton Fall Risk 
Index), and the EQ-5D (EuroQol Five Dimensions) questionnaire was used to assess self-
rated perceived health 67, 68, 69. 
In all four studies, the participating women answered a questionnaire that included questions 
about risk factors for osteoporosis and fragility fractures, including age, marital status, form 
of housing, home care, home health care, medications, calcium and vitamin-D 
supplementation, other diseases, use of walking aids, falls in the past year, fractures in 
adulthood, and type of fracture. Questions were also asked about physical activity, time spent 
outdoors ≥30 min per day, smoking, health status compared to peers, and ability to get up 
from a chair without support from the arms. Present height and weight were measured, and 
the participants were asked about their height as young adults. 
3.4.7 Radiographs 
In Studies I and II, all participants were referred at baseline for a radiograph of the thoracic 
and lumbar spine to determine whether there were any vertebral fractures.  
3.5 INTERVENTION 
In Study II, which was an RCT, the participants were randomised into three arms – the spinal 
orthosis group, the equipment training group, and a control group. 
In the spinal orthosis group, the participants were instructed to wear the spinal orthosis at 
least two hours a day for six months and that they could divide the time wearing the spinal 
orthosis into shorter periods during the day.  
The orthosis used in the study was the activating spinal orthosis Spinomed (Medi AB, 
Germany). It is constructed with a steel rail that runs along the back from the spinous of the 
seventh vertebra to the sacrum and is adapted to the spinal curvature. The rail is plugged into 
a compartment on the orthosis. There are straps around the shoulders, and these are fastened 
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around the pelvis and provide support for the lumbar spine through the pressure that occurs 
when the orthosis is tightened. The orthosis is put on like a backpack. When the person flexes 
their back, the rail that is adapted to the spinal curvature and the straps around the shoulders 
will give feed-back to continuously activate the back extensor muscles. The participants had 
the orthosis adapted by an orthopaedic technician who adapted it to their back in as upright a 
position as possible.  
The equipment training group trained once a week in a gym supervised by a physiotherapist. 
The exercise programme focused on strengthening the back extensor muscles and muscles in 
the legs, as well as on both static and dynamic balance performance. The participants were 
also given a home exercise programme to perform at least four times a week 29, 70,71, 72 ,73.   
The control group received no intervention but was allowed to continue with their normal 
activities just as before. 
3.6 DATA ANALYSES 
3.6.1 Statistical methods 
Group results were reported as means and standard deviations (SD) for normally distributed 
continuous variables and as medians with interquartile ranges (IQRs) for skewed 
distributions. Significance levels below 5% were considered significant. 
Analysis between the groups: Student’s t-test was used for comparisons between groups for 
normally distributed variables, and the Mann–Whitney U-test was used for variables with a 
skewed distribution in Studies I and IV.                                                                                                      
One-way analysis of variance (ANOVA) was used for comparisons of differences in 
continuous variables between the three treatment groups at baseline in Study II. The chi-
square test was used for comparisons between groups with categorical variables in Studies I 
and II. 
Analysis of changes within the groups: A paired t-test was used to analyse changes in 
normally distributed variables. The Wilcoxon signed-rank test was used for variables with 
skewed distributions in Studies II and IV.  
In Study I, Spearman rank-order correlation coefficients (rs) were used to study correlations 
between the spinal curvature and balance tests. Logistic regression was used to calculate the 
odds ratio for the ability to manage tandem walking steps forwards and backwards as 
dichotomous outcomes (with a cut-off value at four or more steps) and the presence of 
hyperkyphosis as an explanatory variable. 
In Study II, the outcomes were analysed using a mixed model for repeated measures 
according to the intention-to-treat procedure 74.  
The statistical methods used in this thesis are listed in Table 3. 
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Table 3. Statistical methods used in this thesis. 
 
3.6.2 Qualitative method 
In Study III, we used qualitative content analysis and followed the process that applies to 
inductive qualitative content analysis 75, 56. To obtain objective results and investigate whether 
our analysis and perception of the text differed, the author and two co-authors began with an 
analysis of the interviews. Meaning-bearing units with similar content were extracted from 
the text and classified, condensed, and coded to form subcategories and overarching 
categories. Further analysis was performed jointly by all four authors, who reviewed the 
subcategories and developed these into three overarching categories. Finally, an overall 
theme covering all three categories was developed. Credibility is a key concept in qualitative 
research based on the five concepts of validity, reliability, subjectivity, transferability, and 
authenticity 56,76-78 75, 76 . To achieve validity, the selection, design, and method were 
described in detail. Reliability was increased through a large proportion of the work being 
performed jointly by two or more co-authors. To reduce subjectivity, the coding and 
categorising were performed by two authors and the analysis was then performed jointly by 
all co-authors. The results section was authored by two co-authors separately, and their texts 
were then compared and merged into a final version by the entire research team. 
3.6.3 Statistical software 
In Studies I and IV, the data were analysed using the STATA statistical software versions 11 
and 14 (StataCorp LP, Texas, USA).                                                                                                
In Study II, the data were analysed using the STATA statistical software versions 11 and 14, 
the SAS software version 14 (SAS Institute, Cary, NC, USA). 
3.7 ETHICAL CONSIDERATIONS 
All four studies obtained ethical approval from the Ethical Review Board of Stockholm         
(Reg. no. 2011/142- 31/3). All women who agreed to participate received both oral and 
comprehensive written information about the purpose of the study. All women signed a 
written informed consent for participation, and participation was voluntary and could be 
terminated at any time. All data were treated in accordance with the Swedish Personal Data 
Act. 
Statistical methods Study I Study II Study IV 
Student´s t-test  x  x 
Paired t-test  x x 
Mann-Whitney U-test x  x 
Wilcoxon signed rank test   x 
Chi2  x x  
ANOVA  x  
Logistic regression x   
Mixed Model for repeated measures  x  
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4 RESULTS 
4.1 STUDY I 
The women who participated in Study I were split into two groups depending on their spinal 
curvature – women with normal kyphosis or hyperkyphosis and women with lumbar lordosis 
or no lumbar lordosis/lumbar kyphosis.  
4.1.1 Spinal curvature and vertebral fractures 
In this cohort of 96 women, 74 women were examined with sagittal spinal radiographs of the 
thoracic and lumbar spine to determine the presence of vertebral fractures. It was found that 
31% of the women had one or more vertebral fractures. There was a total of 19 thoracic and 
17 lumbar vertebral fractures. The group of women with hyperkyphosis had 14 vertebral 
fractures, and nine women with normal kyphosis had at least one vertebral fracture. 
4.1.2 Spinal curvature and balance 
The spinal curvature was measured on 88 women. The comparison between the women with 
normal kyphosis and those with hyperkyphosis showed that women with hyperkyphosis had 
significantly longer tandem standing time with the eyes open (p < 0.05), tandem gait forwards 
(p < 0.05), and tandem gait backwards (p < 0.01) (Table 4).  
Table 4. Descriptive characteristics of the participants split into spinal curvature subgroups,  
including age, height, height loss, BMI, DFRI score, and balance tests. 
 
Normal kyphosis  
M (SD), number      
Hyperkyphosis 
M (SD), number 
p-value 
No lumbar lordosis 
M (SD), number  
Presence of 
lumbar lordosis  
M (SD), number 
p-value 
Age, years      85.1  (2.29) n=43 84.8  (2.23) n=45 0.572 85.2   (2.14) n=19 84.8  (2.25) n=68 0.531 
Height, cm 158.8  (6.13) n=43 158.3  (5.76) n=45 0.790 156.5   (7.10) n=19 159.2  (5.45) n=68 0.123 
Height loss, cm 5.6  (2.84) n=42    6.6    3.19) n=45 0.141 7.2   (2.97) n=19  5.6  (2.73) n=67 0.023 
Weight, kg 65.1  (9.84) n=42 65.1 (10.97) n=45 0.997 62.7 (12.10) n=19 65.9  (9.86) n=67 0.259 
BMI,  kg/m2 25.9  (3.94) n=42 25.9  (3.82) n=45 0.909 25.6   (4.49) n=19 26.0  (3.71) n=67 0.528 
DFRI score 3.1    (1.6) n=40 2.8    (1.5) n=43 0.376 3.0      (1.9) n=19 2.9    (1.5) n=63 0.887 
Two feet standing eyes closed, s 20.2  (10.5) n=36 24.8   (9.0) n=41 0.093 20.8   (12.0) n=16 23.1   (9.4) n=60 0.681 
Tandem standing  eyes open, s 12.7  (11.5) n=36 18.3 (12.3) n=40 0.040  14.1   (13.2) n=15 16.3 (11.9) n=60 0.491 
Tandem standing eyes closed, s 4.0    (6.7) n=36 5.6   (6.7) n=40 0.059 6.0     (7.6) n=15 4.6   (6.5) n=60 0.368 
One leg standing eyes open, s 5.0    (6.1) n=43 7.1   (6.9) n=45 0.145 4.1     (4.4) n=19 6.7   (7.0) n=68 0.178 
One leg standning eyes closed, s 1.0    (1.2) n=36 1.7   (1.5) n=40 0.061 1.2     (1.2) n=15 1.4   (1.4) n=60 0.738 
Gait speed, s 31.4 (17.9) n=35 29.3 (11.8) n=40 0.692 33.0    16.2) n=15 28.3 (11.1) n=59 0.463 
Tandem gait forwards, steps 3.6   (3.9) n=36 5.2   (3.9) n=40 0.037 5.3     (4.7) n=15 4.2   (3.8) n=60 0.533 
Tandem gait backwards, steps 4.1   (4.1) n=36 6.9   (4.7) n=40 0.008 5.6     (5.0) n=15 5.6   (4.6) n=60 0.953 
The Mann–Whitney U-test was used for comparisons between groups for variables with a skewed distribution, Student’s t-test was used for 
normally distributed variables, and the chi-squared test was used for categorical variables.  p-values less than 0.05 are in bold.                                        
DFRI (Downton Fall Risk Index), BMI (Body Mass Index) 
Analysis of the ability to perform four or more tandem steps forwards and backwards showed 
that women with hyperkyphosis performed significantly better than women with normal 
kyphosis. Tandem steps backwards showed an age-adjusted Odds ratio 4.5 (95% CI 1.7−12) 
for women with hyperkyphosis compared to women with normal kyphosis while tandem 
steps forwards showed age adjusted Odds ratio 2.8 (95% CI 1.1–7.4) for the same group of 
women.  
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4.2 STUDY II 
The primary outcome was back pain, and the secondary outcomes were back extensor 
strength and spinal curvature estimated with kyphotic index. Baseline characteristics showed 
no significant differences between the three arms except for present back pain according to 
the Borg CR-10, which was scored significantly higher in the spinal orthosis group. 
Estimation of back pain showed a wide range, and measurement of back extensor strength 
showed a large variance in the three groups. Baseline characteristics are shown in Table 5.  
Table 5. Baseline characteristics of the 113 participants in the RCT. 
 
 
 
 
a Spinomed  n = 35, training  n = 38, control  n = 36    b FVC Forced Vital Capacity                                                                                           
c One-way ANOVA was used for comparisons of differences between the three treatment groups.                                                                                
d Chi2 test was used for categorical variables as percentages. 
 
4.2.1 Back pain 
Analyses of back pain within the groups showed no significant changes, and analyses between the 
spinal orthosis group, the equipment training group, and the control group showed no significant 
differences after six months of the intervention. 
4.2.2 Back extensor strength 
Analyses of the back extensor strength within the three groups showed that women who had been 
wearing the spinal orthosis had a statistically insignificant 27% increase in back extensor strength. 
Women in the equipment training group and training according to a home exercise programme 
showed a significant 22% increase in back extensor strength. In the control group, back extensor 
strength increased statistically insignificantly by 10% (Table 6). 
 
 
 
Spinomed 
n = 38 
Training 
 n = 38 
Control 
n = 37  
Variable Mean (SD) Mean (SD) Mean (SD)    p-valuec 
Present height (cm)  159.8     (7.6) 159.3     (7.6) 161.5     (6.9) 0.407 
Height when young (cm)                                  166.2 (5.7) 165.6     (6.3) 167.6     (5.7) 0.303 
Weight (kg)                                              64.7   (13.4) 60.3     (8.5) 66.1    11.6) 0.073 
Back muscle extensor                    
strengtha (Newtons)  
 
64.4   (32.8) 59.6   (30.8) 62.3   (25.2) 0.791 
FVC b (litres) 2.7     (0.7)      2.6     (0.7)  2.7     (0.6) 0.727 
Variable Median (IQR) Median (IQR) Median (IQR)   p-valuec 
Age (years)                                         77.9 (68.0–83.4) 77.6 (67.3–84.1)   72.8 (67.5–78.2) 0.201 
Visual Analogue Scale 
Back pain, recent          (mm) 22   (10–40)     9     (1–30) 21  (10–45) 0.088 
Visual Analogue Scale 
Back pain, last week     (mm)      
 
       50   (28–69) 
 
   39     (0–52) 
 
              43  (20–61) 0.181 
Borg CR-10 back pain recently                        3 (1−3) 2   (0.5−3)                 2     (1−3)        0.049 
Borg CR-10 back pain last week                       4 (2−7) 3      (2−4) 3     (3−5) 0.168 
Variable              %            %              %   p-valued 
Kyphotic index ≥13      51.4        50.0        56.8 0.826 
Vertebral fractures      36.8 31.6 24.3 0.508 
Vertebral fracture X-ray 47.1 46.0 38.2 0.725 
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Table 6. The change in percentage of back extensor strength in each group, as determined by paired    
t-tests. The analyses were per protocol. 
                                                           Baseline Six months 
 Treatment 
group n mean ± SD 95% CI n mean ± SD 95% CI 
Change 
% p-value 
Muscle  Spinal orthosis 25 64.4  ± 32.8 53.2 - 75.7 25 81.7   ± 41.3 65.4 - 98.0 26.9 0.053 
Strength (N) Training 30 59.6   ± 30.8 49.5 - 69.8 30 72.8   ± 37.3 58.9 - 86.8 22.1 0.013 
 Control 31 62.3   ± 25.2 53.7 - 70.8 31 68.4   ± 27.0 58.7 - 78.1  9.9 0.153 
Analyses of back extensor strength between the three arms were performed according to intention to 
treat (ITT) both unadjusted and adjusted for age, vertebral fractures, FVC, and examiner. After six 
months of the intervention, the back extensor strength showed no significant differences between the 
spinal orthosis group, the training group, and the control group (Figure 3). 
 
Figure 3. Box-plots of back extensor strength separated into study groups and study time. 
 
 
Contrast tests as a post hoc analyses were performed and showed no significant treatment effect.      
The effect size (f2) could indicate a small treatment effect. Based on Cohen´s guidelines,                     
the effect size was 0.09 79 (Table 7). 
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Table 7. Changes in back pain and back extensor strength between groups at baseline and at follow-
ups after three and six months, analysed according to intention to treat and by mixed linear models, 
showing the groups vs. time interaction with the LS mean ± SE, p-value, effect size, and power of the 
test adjusted for age, vertebral fractures, FVC, and examiner. 
 
p-value = interaction between time and treatment group.                                                                                                                               
a effect size (f2) is based on Cohen’s (1988) guidelines, f2 ≥ 0.02, f2 ≥ 0.15, and f2 ≥ 0.35 represent small, medium,                                     
and large effect sizes, respectively.                                                                                                                                                                                             
b estimated least square mean with SE (standard error) adjusted for age, vertebral fractures, and lung capacity.                                                                                                     
The power of the test showed that the sample size was large enough to show a significant difference between the groups.           
Nevertheless, the contrast tests between the groups as a post hoc analysis showed no significant treatment effect. 
 
4.2.3 Spinal curvature 
Measurement of the spinal curvature showed no significant difference between the three treatment 
groups after six months of the intervention. 
 
 
 
 
 
 
 
 
 
 Treatment 
group n 
Baseline 
LS mean ± SEb 
Three months 
LS mean ± SEb 
Six months 
LS mean ± SEb 
p-
value 
ES 
(f2) a Power
 c 
Back pain  Spinal orthosis 35 23.60 ± 4.07 20.00 ± 3.83 24.95 ± 3.93 <0.01 0.08 0.92 
present      Training 37 14.24 ± 3.81 14.09 ± 3.71 18.69 ± 3.76    
VAS (mm) Control 35 24.87 ± 4.14 27-65 ± 3.72 21.55 ± 3.69    
         
Back pain  Spinal orthosis 35  2.16 ± 0.29  1.96 ± 0.30   1.78 ± 0.30  <0.01 0.08 0.96 
present Training 37  1.73 ± 0.27    1.36 ± 0.29  1.38 ± 0.28    
Borg CR-10 Control 35  2.34 ± 0.28  2.36 ± 0.29  1.92 ± 0.28    
         
Muscle  Spinal orthosis 35 65.89 ± 5.01 73.16 ± 5.15 82.48 ± 5.29 <0.01 0.09 0.99 
strength (N) Training 38 60.66 ± 4.82 67.32 ± 5.01 74.86 ± 5.04    
 Control 36 58.93 ± 4.99 61.70 ± 5.12 65.41 ± 5.09    
         
 
 
28 
 
4.3 STUDY III 
Qualitative content analysis of the interviews resulted in an overall theme, three main              
categories, and 13 subcategories. An overview of the overall theme, the main categories,                           
and the subcategories is given in Table 8. 
Table 8. Overall theme and the three main categories with their subcategories 
 
4.3.1 Over all theme 
A summary of the results that emerged in Study III was described in an overall theme.                                         
“A well-adapted spinal orthosis could develop into a long-lasting friendship that provided                    
support and help in daily life.”   
The spinal orthosis could make daily activities easier to perform because the spinal orthosis                             
provided support and the symptoms decreased. The positive effect was dependent on the spinal 
orthosis being well adapted to the back and fitting well. The relationship to the spinal orthosis                         
could develop into a kind of friendship that could provide help in daily life. If the spinal orthosis                     
was not experienced positively and did not provide help in daily life, no "friendship" was                      
developed. 
                                                                                                              
 
Theme:                                                                                                        
“A well-adapted spinal orthosis could develop into a long-lasting 
friendship that provided support and help in daily life”                                                                                                                                  
Main category Subcategory 
Impact on daily life Better posture                                     
Support                                    
Stronger back                                  
Pain relief                                         
Training equipment                                    
More reliable body control 
Individual adaptation Fitting                                                    
Self-adjustment 
Personal relationship Expectations                                          
Notions of the orthosis                       
Relationship over time                       
Thoughts of the individual and 
reactions from those around them                                      
Thoughts about continuing use of the 
orthosis 
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4.3.2 Main categories 
The three main categories were; Impact on daily life, Individual adaptation, and Personal relationship 
4.3.2.1 “Impact on daily life” 
The respondents described how the spinal orthosis had increased their awareness of their back. It had 
improved their posture and it felt easier to breathe, and they could perform activities for longer 
periods, for example, taking long walks, which previously had been difficult. The respondents 
described that it was easier to travel on public transport because they felt safe and stable in their back. 
The spinal orthosis was perceived as a reminder not to perform movements that should be avoided. 
Several women described how their back pain had been toned down or disappeared, which made it 
easier to perform daily activities. The respondents described how they felt stronger in the back and that 
the orthosis could be an aid to start training and developing good exercise habits. 
A woman expressed the following; “I’m happy that I've grown so much stronger and can now do so 
much more than I’ve been able to over the last 20 years. I’ve been able to work for much longer 
periods both inside my home and out in my garden. And I’m now able to swim 500 meters compared 
to 100 meters before and I am also able to carry more. So, I think it had a very positive effect on my 
strength and posture.” 
4.3.2.2 “Individual adaptation”  
The respondents described how it was important that the orthosis was adapted individually and 
followed the spinal curvature and felt comfortable to wear. Good communication between the 
respondents and the orthopaedic technician during the adaptation of the spinal orthosis was important. 
It was also important to give detailed information about how the spinal orthosis should be handled. 
Some respondents stated that it was difficult to get the spinal orthosis to fit properly. Several 
respondents described how the spinal orthosis tended to ride up when they moved around and that they 
had to open it, pull it down, and button it again. Several respondents stated that the spinal orthosis had 
a strange shape that affected their appearance, and therefore they chose to hide it with a jacket or a 
sweater.                                                                                                                                                                        
A woman said: “I used it a lot when I was taking a stroll, etc. I had to move my body in many different 
directions and keep pulling the spinal orthosis down all the time”. 
4.3.2.3 “Personal relationship”  
The respondents described their expectations when they received a spinal orthosis and how they 
developed a relationship to the spinal orthosis over time. Several respondents described how the spinal 
orthosis was an aid to strengthening their back muscles and made their backs straighter and reduced 
back pain. Some respondents hoped it would be a turning point in their lives and would provide 
support for their back.  
 
30 
 
A number of respondents described how they developed a personal relationship with the spinal 
orthosis after they had been wearing it for some time and that they experienced some form of positive 
effect. The respondents who experienced that the spinal orthosis facilitated daily life intended to 
continue wearing it. Few respondents stated that they did not intend to continue to wear it because they 
still had back problems and because the spinal orthosis was difficult to take on and off.                                                   
A woman said: “I have positive feelings about the corset. It’s like a good friend that you can take out 
either before you need it or when you start to feel fatigue in your back. So you know it’s there and it 
feels very positive”. 
4.4 STUDY IV 
Analyses between the spinal orthosis group and the training group showed no significant difference for 
any variable after six months of voluntarily wearing the spinal orthosis and training according to a 
home exercise programme and in a gym.  
Analyses within the spinal orthosis group and the training group showed no significant change for any 
variable at the six-month post-intervention follow-up. The test results measured at the end of the RCT 
were maintained in this post-intervention follow-up study. 
Table 9. Changes within the spinal orthosis group and the training group from start to the end of the 
post-intervention follow-up study. Difference between the spinal orthosis group and the training group 
at the end of the follow-up study. Analysed per protocol.  
 
¹The paired t-test was used for analysis of differences within the groups with normally distributed data.   ²The Wilcoxon signed rank test 
was used for analysis of data with skewed distribution. ³Student’s t-test was used for analysis of difference between groups with normally 
distributed data. Analysis within groups and between groups showed no significant differences. 
 
 
 
 
  Spinal orthosis group n=29 Training group n=28 Change within groups¹ Difference 
between groups³ 
 Six months Start Start Six months 
Spinal 
 orthosis 
Training 
         Spinal 
 orthosis - 
Training 
Variable Mean      (SD) Mean      (SD) Mean     (SD) Mean    (SD) Mean  (SD) Mean  (SD) MD  (95% CI) 
Back extensor strength 
mean  n=26  (N)     85.2       (42.6) 79.8      (40.8) 76.2      (37.0) 77.2     (32.5) 5.4  (27.8) 0.96   (20.8) 3.3  (-16.9−23.5) 
Back extensor strength 
max    n=26  (N)                   98.8       (47.9) 91.2      (45.8) 91.3      (43.9) 89.9     (36.7) 7.6  (31.6) -1.4   (27.5)  3.2     (-19.5−26) 
Gait speed 30 m  (sec)        24.8       (11.4) 26.5      (11.5) 23.2        (6.1) 22.4       (7.2) -1.1    (4.4) -1.0   (3.5)  2.5      (-2.5−7.5) 
Variable Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median² Median² Median 
One leg standing right, 
eyes open             (sec) 4           (2−30) 4.5 (2.5−20.5) 14.5     (5−30) 20       (3−30) -0.5 6 -16 
One leg standing left, 
eyes open             (sec) 6.5     (2−25.5) 4       (2−11.5) 19.5   5.5−30) 15       (3−30) 2.5 -4.5 -8.5 
Visual Analogue Scale            
back pain, recent (mm) 2          (0−33) 9.5     (0−52.5) 8.5      (0−36) 11       (0−20) -7.5 2.5 -9 
Visual Analogue Scale 
back pain, last week  35      (25−64) 35 (16.5−58.5) 30 (19.5−41.5) 35     (18−41) 0 5 0 
Borg CR-10                              
back pain, recent 
1            (0−2) 1.5          (0−3) 1           (0−2) 1          (0−2) -0.5 0 0 
Borg CR-10                                   
back pain, last week                  
3            (3−3) 3          (2−3.5) 3        (2−3.3) 3          (2−3) 0 0 0 
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5 DISCUSSION 
Back pain is a common problem in older women with osteoporosis, and this can adversely affect daily 
activities and is often a reason for visits to primary care. The overall aim of this thesis was to gain 
knowledge about treatment methods and treatment options that can facilitate daily activities in older 
women with osteoporosis and back pain with or without vertebral fractures. 
5.1 MAIN FINDINGS 
One of the main findings in this thesis was that the activating spinal orthosis might be an alternative 
treatment method and might reduce symptoms of the back and facilitate daily activities for women 
with osteoporosis and back pain. Women who wore the spinal orthosis increased the strength of their 
back extensor muscles close to statistical significance, but no significant difference was seen between 
the two treatment groups and the control group. Training in a supervised equipment training group 
combined with a home exercise programme was effective in obtaining increased back extensor 
strength. Another main finding was that women who felt that the activating spinal orthosis facilitated 
their everyday life and that it was well adapted to their back continued to use it after the end of the 
RCT. The spinal orthosis could be experienced both as an aid and as a training tool. 
In this thesis, a cohort of 96 older women, were examined regarding vertebral fractures, kyphosis, and 
balance. The main findings were that about one third of the women had suffered one or several 
vertebral fractures and about half of the women had developed hyperkyphosis. The ability to perform 
tandem walking, both backwards and forwards, and tandem standing with the eyes open were better in 
women with hyperkyphosis, which was somewhat surprising. 
5.2 VERTEBRAL FRACTURES 
The most common fragility fracture is a vertebral fracture, and several studies have shown that many 
vertebral fractures go undiagnosed 80, 81, 82. This underdiagnosis of vertebral fractures is a significant 
health problem for older individuals. In Study I, it was shown that one third of the women who had 
chosen to participate in the study had one or several vertebral fractures. These women were originally 
randomly selected from a normal population, and only three women had previously been diagnosed as 
having a vertebral fracture. In Study II, approximately 35% of the participating women with diagnosed 
osteoporosis stated that they had had a vertebral fracture, while radiographs of the thoracic and lumbar 
back showed that approximately 47% of the women had had a vertebral fracture. Our results regarding 
the underdiagnosing of vertebral fractures are in accordance with previous studies 80, 81, 82. The 
diagnosis of vertebral fracture is often missed in primary health care. The patient might not be referred 
for a radiograph and then, even if a vertebral fracture is diagnosed, the patient rarely gets further 
assessment and treatment for osteoporosis. How vertebral fractures are described by radiologists in 
their responses might also cause problems, and sometimes the descriptions of vertebral fractures are so 
vague that the physicians do not completely understand the meaning of the findings 82. Older vertebral 
fractures can also be asymptomatic or give only mild symptoms, and these patients are rarely referred 
for a radiograph. The findings in Studies I and II imply that there is a need for increased knowledge in 
primary health care as well as increased knowledge among radiologists for interpreting radiographs 
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with suspected vertebral fractures 82. This shows the importance of finding and giving these patients 
both pharmacological and non-pharmacological treatment that can prevent multiple future vertebral 
fractures, back pain, and impaired HRQL as well as prevent other fragility fractures 83. It is of great 
interest to prevent new future vertebral fractures because after the first vertebral fracture, the relative 
risk of getting another vertebral fracture increases four times already during the first year after the first 
vertebral fracture 13. Non-pharmacological treatment with training of the back extensor muscles has 
been shown to help to prevent vertebral fractures and improve HRQL 31, 72, 34, 84. A referral to a 
physiotherapist who can develop individual exercise training programmes for patients with 
osteoporosis with and without vertebral fractures should be a routine measure in primary health care.  
5.3 KYPHOSIS 
Hyperkyphosis is often caused by several wedge-shaped vertebral fractures 85. In Study I, all women 
were participants of a populations-based cohort with a long follow-up time and had radiographs of the 
thoracic and lumbar spine taken. It was found that half of the women had developed hyperkyphosis 
and that half of the women had one or several vertebral fractures 86. This is in concordance with 
previous studies showing that hyperkyphosis is common in women over 75 years of age 85. 
Hyperkyphosis is associated with previous wedge-shaped vertebral fractures because the risk of 
further vertebral fractures increases after the first fracture, and it has also been shown that there is an 
association between the individual’s BMD and hyperkyphosis 16. Individuals visiting a primary health 
care centre who have developed hyperkyphosis should therefore be paid attention to as being at high 
risk of fragility fractures. Secondary fracture prevention can be initiated with bone-specific drugs that 
reduce the risk of another vertebral fracture 83. Several studies have shown that hyperkyphosis is 
associated with an increased risk of falling 16, 17, 87, and decreased strength in the back muscles and 
lower extremities can be important for balance, body sway, and risk of falls 87. Individuals with 
hyperkyphosis can therefore be offered fall and fracture prevention with training of the back and leg 
muscles as well as balance training. It has been shown that training the back extensor muscles with an 
activating spinal orthosis can prevent and positively affect hyperkyphosis and can decrease symptoms 
emanating from the back 88, 40. However, in the studies for this thesis we did not see any improvement 
of the kyphosis after six months of training the back extensor muscles. One explanation for this might 
be that the kyphosis had been present for a long time. It can be difficult to influence kyphosis that has 
developed a long time ago because the structures around the vertebrae are not as flexible as before. 
In Study I, the association between spinal curvature and balance was examined. In previous studies, it 
has been shown that individuals with hyperkyphosis and vertebral fractures more often have impaired 
postural control and have increased postural sway 87, 49, 89, 50. . In Study I, we found a positive 
association between spinal curvature and the balance tests of tandem standing with the eyes open, 
tandem walking backwards, and tandem walking forwards in older women with osteoporosis. Women 
with hyperkyphosis performed these tests better than women with normal spinal curvature. Our results 
are supported by a study showing that individuals with thoracic kyphosis had better ability to perform 
tandem standing and tandem walking 90. The better ability in the tandem tests can be explained by the 
fact that the thoracic kyphosis is compensated for by lumbar lordosis and pelvic tilting to move the 
"centre of pressure" backwards 91. It has also been shown that strength in the muscles around the hip is 
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of great importance for good results on the tandem standing test 92. The muscle strength in the legs was 
not tested in Study I. Comparison of our results with other studies can be difficult because not all tests 
are performed in a similar way.  
5.4 BACK PAIN 
Individuals with osteoporosis often suffer from back pain. In this thesis, back pain was studied in older 
women with diagnosed osteoporosis in Studies II and IV, and back pain was the primary outcome. In 
many cases, back pain arises as a result of one or more vertebral fractures. The women in Studies II, 
III and IV suffered from chronic back pain and described the pain as a feeling of tiredness and aching 
in the back that occurred during, for example, standing work. According to several studies, a treatment 
method to relieve back pain in individuals with osteoporosis could be training of the back extensor 
muscles 29, 44,52,93. Women who participated in Study II followed a training programme for six months 
with exercises to strengthen the back extensor muscles 94. No significant difference was seen after six 
months of training concerning back pain 94. One explanation might be the great variation in self-rated 
back pain at baseline. Several women rated their back pain quite low, and perhaps we should have 
been stricter in the inclusion criteria. It can be difficult to change chronic back pain from a relatively 
low level to a level with no pain at all. 
5.5 NON-PHARMACOLOGICAL TREATMENT METHODS 
Treatment with exercise and physical activity has been shown to be important for patients with 
osteoporosis. Balance training and increasing muscle strength have been shown to prevent falls and 
fragility fractures 29, 33, 34, 48. Training and exercise have also been shown to improve functional ability 
such that daily activities are easier to perform and the individuals experience improved HRQL 29, 31, 72. 
In this thesis we explored a complementary method of training the back extensor muscle for 
individuals with osteoporosis and back pain with an activating spinal orthosis compared to training 
according to an equipment training programme and a home exercise programme. 
5.5.1   Back extensor strength 
It has been shown in several studies that training of the back extensor muscles in individuals with 
osteoporosis can help to prevent vertebral fractures and relieve back pain 33,72. Training of the back 
extensor muscles can also help to prevent falls and the development of hyperkyphosis and can 
facilitate an upright position of the back that provides a better posture 44,48,87.  
5.5.1.1 Training according to an exercise programme 
In Study II, individuals who had developed osteoporosis and back pain were offered training of the 
back extensor muscles as part of an equipment training group led by a physiotherapist. The training 
was individually tailored and was performed with an equipment training group once a week. The 
participating women also trained according to a home exercise programme at least four times a week. 
The training programmes focused on back extensor strength and its effects on pain as well as whether 
they could influence hyperkyphosis and improve posture. In addition to training with gym equipment, 
the women used rubber bands and Bobath balls and performed various balance exercises. After six 
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months of training, the results showed a significant increase in back extensor strength (p = 0.013). One 
goal of increasing the strength in the back extensor muscles is to achieve secondary effects of 
decreased back pain, prevention of vertebral fractures, prevention of hyperkyphosis, and improved 
balance 95 33, 44,95, 48, 72. The increased back extensor strength that could be seen after six months of 
exercise did not affect the kyphosis, and measurement with the Flexicurve ruler showed no change of 
the spinal curvature. We also investigated whether training of the back extensor muscle could reduce 
back pain. After six months of exercise, no statistically significant change could be seen in back pain. 
Although we did not get a significant improvement in back pain, it has been shown in several studies 
that strong back extensors reduce symptoms from the back and facilitate activities in everyday life and 
improve HRQL 29, 30, 31, 32. Some participants in Study II rated their back pain as weak at baseline, 
which left little space for improvement. At the follow-ups, the participants stated that their back pain 
was slightly better, but not enough to give a statistically significant result. With the support of several 
studies, training of the back extensor muscles must be seen as an important treatment method for 
individuals with osteoporosis and back pain 44,52,84.  
5.5.1.2 Training with an activating spinal orthosis  
An activating spinal orthosis has been developed which, through its construction, activates the back 
extensor muscles while providing stability. In previous studies where the activating spinal orthosis has 
been used, it has been shown that the back extensor strength increased 39, 96, 97, 98. In Study II, 
participants randomised to the spinal orthosis group were instructed to use the orthosis for at least two 
hours per day for six months. During the follow-up interviews, the participants had to state whether 
they used the spinal orthosis for the recommended two hours per day, which all participants had done. 
After six months treatment no statistically significant increase in back extensor strength was showed in 
the spinal orthosis group.  In several studies where there was an increase in back extensor strength, 
patients had suffered vertebral fractures and individuals who used the activating spinal orthosis during 
their rehabilitation  significantly improved their back extensor strength 38 40, 39. The activating spinal 
orthosis is often initiated at a subacute stage after a vertebral fracture and part of the increase in back 
extensor strength might be due to a natural consequence of the healing process. The spinal orthosis is, 
at the same time, stabilising and also allows some mobility that continuously activates the back 
extensor muscles leading to increased back extensor strength 39. Women included in Study II are a 
common group of patients visiting Primary health care. It is a heterogeneous group of individuals. 
There was a large range in age and a large variance in back extensor strength. The study population 
included women who suffered from vertebral fractures of older dates as well as women without 
vertebral fractures. It could be an explanation why the results showed no significant increase in back 
extensor strength and no decrease in back pain. The participating women had no problems with the 
severe pain that can occur after a vertebral fracture of more recent date. In comparison with the women 
who trained according to a group equipment training programme, combined with a home exercise 
programme and a control group, no significant difference in back extensor strength and back pain 
could be seen 94. In our qualitative study, women who had a positive experience of the spinal orthosis 
described that it facilitated daily activities that previously had been difficult to perform. They also 
described that they felt stronger in their back and that their posture had improved. Some women 
described that the orthosis had not been of any help and this was mainly due to the fact that it did not 
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feel comfortable to wear 99. The results in this thesis indicate that an activating spinal orthosis can be 
used as a complement to back extensor training for individuals with osteoporosis and back pain 
visiting primary health care. However, physical training that involves and improves several functions 
of the body should be considered as the first-hand choice.  
5.6 STRENGTHS AND LIMITATIONS 
A strength of this thesis was that we performed a clinical trial and studied a common group of patients 
visiting primary health care. It was a study population that was very heterogenous. It can be a strength 
as positive results more easily can be generalized in the population but also a limitation as it may 
require many participants in order to get significant results. It is difficult to conduct clinical studies 
with older participants and it entails high costs. A strength of this thesis could be that a relatively new 
area with a lack of studied has been in focus. 
In Study I, a cohort of women was chosen that has been followed since 1999, which can be seen as a 
strength because this makes it possible to continue research to see how different variables change over 
time in a longitudinal study design. What can be seen as a weakness in Study I is that the cohort 
studied is specifically women born within a 10-year period between 1920 and 1930 and who lived in 
the same area, which means that the results from this study cannot be generalised to a larger 
population at different ages and in geographically different areas. Since 1999 and until the start of 
Study I, a number of women had passed away, suffered from illness, or had considerably worse health, 
which led to a large number of drop-outs and a final study cohort of only 94 women, which is a small 
cohort. It can also be seen as a strength as the women who participated in this study can be seen as 
“survivors”, and future studies will have the opportunity to investigate health factors. 
The chosen study design of an RCT in Study II can be seen as a strength, where treatment results were 
studied in a wider group of women visiting primary health care with osteoporosis and back pain and 
with or without vertebral fractures. The treatment effect on back extensor strength and pain has been 
investigated in a number of studies, including patients with both acute and subacute vertebral fractures, 
but very little has been studied about the treatment effect on patients with osteoporosis and back pain 
only. It is also a strength of the study that the treatment effect was studied with a follow-up study, 
Study IV, six months after the end of the RCT. We wanted to study whether the investigated variables 
in Study II changed when the individuals were allowed to train completely independently without 
organised training from primary health care and when the participating women were allowed to use 
the spinal orthosis completely independently. We also wanted to gain knowledge about how the 
participating women in the spinal orthosis group experienced using the spinal orthosis. To get a 
comprehensive picture of how the spinal orthosis should be used, the participating women were 
invited to describe their experiences in a focus-group interview, which can be seen as a strength of this 
thesis.   
One limitation of Study IV might be that the women might have had the feeling that they were 
participants in a controlled study because they had been asked if they wanted to come for a follow-up 
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visit after another six months. This might have influenced the use of the spinal orthosis and following 
the exercise programme. 
One limitation of Study II was that we could have chosen more specific inclusion criteria. There was a 
wide range in age because we did not have an upper age limit. Furthermore, a higher pain intensity on 
the VAS or Borg CR-10 could have been required to be included. In the inclusion criteria, there was 
no exact limit to how strong the pain should be experienced, only that the individual had symptoms of 
pain. Some individuals rated only 15–20 mm on the VAS and 2 (weak) on the Borg CR-10 at baseline, 
which might be an explanation for why no significant improvement in pain could be seen. Another 
limitation might be that four different examiners tested the participating women during the follow-up 
visits; for example, the person testing the participants might differ in how much they encouraged the 
participants to make as much effort as possible. Before starting the study, we went through exactly 
how each test should be performed, but there is a certain risk that the examiners did not perform the 
tests exactly the same way. For the equipment training group, it would have been optimal to exercise 
two to three times a week, but there was no practical opportunity to do so. The training was therefore 
performed once a week combined with a home training programme to be performed four times a 
week. 
In Study III, focus-group interviews were chosen for data collection. A limitation might be that some 
respondents were hesitant to express their experiences in groups such that not all thoughts and 
experiences were reported. On the other hand, the respondents can might have stimulated each other 
and raised thoughts that were discussed further and developed, which might have provided a greater 
breadth and depth of views and might be considered a strength of the study. 
5.7 CLINICAL IMPLICATIONS 
The activating spinal orthosis could be an aid and a training method for individuals with osteoporosis 
and back pain who have difficulty to follow a training programme. For individuals with osteoporosis 
and back pain, comprehensive training of back extensor strength, balance, weight-bearing exercises for 
the skeleton and fitness are exercises that improve several functions in the body and can be seen as a 
first-hand choice. A patient with osteoporosis and back pain is often an older woman, but may also be 
a man, who may have developed other diseases and mobility impairments of various kinds. It requires 
that the training can be tailored individually and that there are alternative training methods to be 
offered. Several women who used the spinal orthosis and were satisfied with the orthosis have in focus 
group interviews described that they felt stronger in their backs, that their posture improved and that 
the spinal orthosis made it easier to perform daily activities that were previously difficult to perform. 
The women's descriptions show that an activating spinal orthosis, if it is fits well, facilitates everyday 
life. The activating spinal orthosis can be seen both as an aid that supports the back and as a training 
tool that activates the back extensor muscles.  
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5.8 CONCLUSIONS 
The overall aim of this thesis was to gain knowledge about treatment methods and treatment options 
that can facilitate daily activities in older women with osteoporosis and back pain with or without 
vertebral fractures.  
In this thesis older women with osteoporosis and back pain, with or without vertebral fractures and a 
cohort of older women that had been followed during about 15 years were studied. These women 
constitute a common group of patients in primary health care. 
The results from this thesis confirm what previous studies have shown that vertebral fractures are 
underdiagnosed.  
Treatment with an activating spinal orthosis compared with training in an equipment training group 
combined with a home exercise programme and a control group did not show any significant 
differences between the three groups in back pain or in back extensor strength. Training in the 
equipment training group combined with a home exercise programme significantly increased back 
extensor strength but in the activating spinal orthosis group no statistically significant increase in back 
extensor strength was shown after six months of intervention.                                                                                                                                                          
A qualitative study was performed where women who used the activating spinal orthosis described 
their experiences of the orthosis. It was found that the activating spinal orthosis could facilitate daily 
activities that were previously difficult to perform and that their back felt stronger. It was important 
that the orthosis was well fitted to the spinal curvature and felt comfortable to be accepted for 
continued use. The overall theme was: ”A well-adapted spinal orthosis could develop into a long-
lasting friendship that provided support and help in daily life.”  
In the post-intervention follow-up study it was shown that independent use of the activating spinal 
orthosis and independent training, without contact with primary health care for six months, did not 
change previously obtained results in back extensor strength or other variables that were examined.                                    
The results in this thesis indicate that an activating spinal orthosis can be used as a complement to 
back extensor training for individuals with osteoporosis and back pain visiting primary health care. 
However, physical training that involves and improves several functions of the body should be 
considered as the first-hand choice.  
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6  FUTURE RESEARCH 
The relationship between kyphosis, vertebral fractures, and balance has not been fully investigated     
and shows varying results. Balance is a complex system and is influenced by a number of factors.        
In future research, the entire back can be taken into account when studying how the spinal curvature 
affects balance and what kind of compensatory mechanisms are used to maintain balance. In Study I,  
a cohort of women was chosen that has been followed since 1999. This makes it possible to perform 
continued research to see how different variables change over time in a longitudinal study design. 
Older women with osteoporosis and back pain, but also men, are visiting primary health care with 
symptoms of varying severity. In future research, it would be interesting to be able to identify the 
women and men who would benefit the most from wearing the activating spinal orthosis. It could    
also be interesting to study whether the spinal orthosis can have a positive treatment effect on    
balance. Physical activity and exercises as treatment methods for patients with osteoporosis and      
back pain are well investigated, but increased evidence for treatment with an activating spinal    
orthosis as a complementary treatment method is needed. In most studies the participants are older 
women. In future studies men should also be included to provide more comprehensive knowledge      
of the treatment effect of an activating spinal orthosis. 
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7 SAMMANFATTNING 
En vanlig patientgrupp som söker primärvården är äldre kvinnor med osteoporos och ryggvärk. 
Osteoporos definieras enligt WHO som ”en systemisk skelettsjukdom karakteriserad av låg benmassa 
och en försämring av mikroarkitekturen i benvävnaden som leder till ökad benskörhet och ökad risk 
för fragilitetsfraktur”. Osteoporos upptäcks oftast när den första fragilitetsfrakturen har inträffat, 
vanligtvis i samband med ett fall, och blir ett bevis på att skelettet är skört. Sverige är ett av de länder i 
världen där flest fragilitetsfrakturer inträffar och livstidsrisken för en svensk kvinna som är 50 år att 
råka ut för en fragilitetsfraktur är 47,3% och för en svensk man 23,8%. Kotkompression är den 
vanligaste fragilitetsfrakturen och höftfraktur är en svår fragilitetsfraktur som kan orsaka allvarliga 
komplikationer med lång rehabiliteringstid och svårigheter att återgå till dagliga aktiviteter som 
tidigare. Cirka 20% av patienterna som råkat ut för en höftfraktur avlider inom loppet av ett år.                                                  
En kotkompression kan uppträda plötsligt och ge svår smärta men kan också utvecklas successivt över 
en längre tidsperiod utan att ge symtom. Symtomen kan komma gradvis med ökande trötthetsvärk, 
försämrad hållning och utveckling av kyfos samt längdminskning, speciellt vid flera kilformade 
kotkompressioner. Diagnosen kotkompression missas ofta vilket är ett stort problem. Enligt 
beräkningar så upptäcks endast en tredjedel kliniskt. Risken att råka ut för en ny kotkompression ökar 
betydligt efter den första. Den relativa risken att få ytterligare en kotkompression är fyra gånger högre 
än för de som inte råkat ut för en kotkompression tidigare. Patienter med osteoporos och 
fragilitetsfraktur skall erbjudas både farmakologisk och icke-farmakologisk behandling med 
målsättning att förebygga ytterligare fragilitetsfrakturer.     
Hyperkyfos det vill säga ”kutrygg” är ett tillstånd som individer med osteoporos kan utveckla, ofta en 
följd av flera kilformade kotkompressioner och nedsatt ryggmuskelstyrka. Det finns samband med 
hyperkyfos, nedsatt postural kontroll och ökad risk för fall och frakturer samt att hyperkyfos i 
bröstryggen kan påverka lungkapaciteten negativt.  
Träning av ryggmuskulaturen är en behandlingsmetod som personer med osteoporos och ryggvärk har 
stor nytta av. Hälsorelaterad livskvalitet (HRQL) kan förbättras, kotkompressioner kan förebyggas och 
den ryggvärk som personerna besväras av kan minska. Starka rygg- och bålmuskler förbättrar den 
axiala stabiliteten och underlättar att hitta balansen i utmanande situationer vilket kan förebygga fall 
och frakturer.  
I syfte att förbättra och utöka behandlingmetoder som patienter med osteoporos och ryggvärk erhåller, 
har en aktiverande ryggortos utvecklats. Ryggortosen har använts och studerats både i rehabilitering 
efter en akut kotkompression och i det subakuta stadiet efter en kotkompression. Det visades att 
behandling med ryggortosen signifikant minskade ryggsmärta, ökade ryggmuskelstyrka och 
underlättade dagliga aktiviteter. Det finns få studier som studerat behandlingseffekten på individer 
med kroniska besvär av osteoporos och ryggvärk, med eller utan kotkompression. I ett par studier 
visades att behandling med den aktiverande ryggortosen gav starkare ryggmuskler och minskad 
ryggsmärta samt att gånghastigheten ökade och dagliga aktiviteter underlättades.  
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Varierad fysisk träning med stor vikt på ryggmuskelstyrka och balans är en icke-farmakologisk 
behandlingsmetod som individer med osteoporos och ryggvärk kan ha stor nytta av, vilket har varit 
fokus i detta avhandlingsarbete. 
Syfte: Det övergripande syftet med denna avhandling var att få kunskap om kompletterande 
behandlingsmetoder av ryggsmärta hos äldre kvinnor med osteoporos, med eller utan kotkompression, 
som söker primärvården.  
Metod och material: Studie I var en tvärsnittsstudie där vi undersökte sambandet mellan ryggradens 
kurvatur och balans samt förekomst av kotkompressioner i en kohort bestående av 96 kvinnor, i en 
ålder mellan 81 och 91 år. Kvinnorna hade tidigare deltagit i forskningsprojektet PRIMOS mellan 
1999 och 2000 och var slumpvis valda ur en normalpopulation.  
Studie II var en randomiserad kontrollerad studie (RCT), där 113 kvinnor deltog i en ålder av ≥ 60 år. 
Kvinnorna rekryterades från tre olika grupper; kvinnor som deltog i studie I, kvinnor som deltagit i en 
osteoporosskola mellan åren 2007 och 2010 samt kvinnor som svarade på en annons insatt i 
lokalpressen, vilket var majoriteten av de som deltog i studien. Inklusionskriterier för att delta i studien 
var diagnostiserad osteoporos och ryggvärk, 60 år eller äldre samt kunna delta i de interventioner som 
ingick i studien. De deltagande kvinnorna randomiserades till behandling med en aktiverande 
ryggortos, till en träningsgrupp med redskap på gym som leddes av fysioterapeut kombinerat med ett 
hemträningsprogram att utföra minst fyra gånger/vecka och till en kontrollgrupp. Studien pågick under 
en period av sex månader. Vid randomiseringsbesöket fick kvinnorna utföra en rad tester. 
Ryggmuskelstyrka, lungfunktion FVC, handgreppsstyrka, statisk och dynamisk balans, längd och vikt, 
ryggkurvatur mättes. De fick skatta sin ryggsmärta med VAS (Visuell Analog Skala) och med Borg 
CR-10 samt svara på flera frågeformulär; Riskfaktorer för osteoporos, livskvalitet och allmän hälsa 
(EQ-5D), och fallrisk med DFRI (Downton Fall Risk Index). Vid tre månader och vid studiens slut 
efter sex månader utfördes alla tester på nytt och alla frågeformulär besvarades igen.  
Studie III var en kvalitativ studie där data analyserades med kvalitativ innehållsanalys. Insamling av 
data gjordes via fem fokusgruppsintervjuer, där 18 kvinnor från Studie II intervjuades om deras 
upplevelser och erfarenheter av att använda en aktiverande ryggortos. 
Studie IV var en uppföljningsstudie sex månader efter avslutad intervention i Studie II (RCT) av de 
kvinnor som använt den aktiverande ryggortosen (n=38) och de kvinnor som tränat i träningsgruppen 
(n=38). I studien fick kvinnorna bära den aktiverande ryggortosen helt efter egna önskemål och de 
kvinnor som hade tränat i träningsgruppen fick träna helt självständigt under sex månader utan kontakt 
med primärvården. Frågeställningen i studien var om ryggsmärta, ryggstyrka och övriga variabler var 
förändrade efter ytterligare sex månader. 
Resultat:  Studie I: Röntgen av bröst- och ländrygg genomfördes på 74 kvinnor utav de 96 som deltog 
i studien. Det visades att 31% av kvinnorna hade en eller flera kotkompressioner. Jämförelse mellan 
kvinnor med hyperkyfos och kvinnor med normal kurvatur i bröstryggen visade att kvinnor med 
hyperkyfos (n=45) hade signifikant bättre förmåga till tandemstående med öppna ögon (18,3 sek 
jämfört med kvinnor utan hyperkyfos 12,7 sek), tandemgående framåt (5,2 steg jämfört med utan 
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kyfos 3,6 steg) och tandemgående bakåt (6,9 steg jämfört med utan kyfos 4,1 steg). För kvinnor med 
hyperkyfos var åldersjusterad oddskvot (OR), med cut-off på 4 steg, att utföra tandemgående framåt 
2,8 (CI 95% 1,1-7,4) och för tandem gående bakåt OR 4,5 (CI 95% 1,7-12,1,) jämfört med kvinnor 
utan hyperkyfos. 
Studie II: En jämförande analys mellan de tre ingående grupperna i studien gjordes. Den visade ingen 
signifikant skillnad mellan de kvinnor som behandlats med den aktiverande ryggortosen i jämförelse 
med de kvinnor som tränat i träningsgruppen i kombination med ett hemträningsprogram och 
kontrollgruppen i ryggmuskelstyrka och ryggsmärta efter sex månaders intervention. I 
ryggortosgruppen hade de deltagande kvinnorna ökat sin ryggmuskelstyrka insignifikant med 27% 
(64,4 N till 81,7 N) (p=0,053) efter sex månader. Kvinnor som hade tränat enligt ett träningsprogram i 
gym i kombination med ett hemträningsprogram hade ökat sin ryggmuskelstyrka signifikant med 22% 
(59,6 N till 72,8 N) (p=0,013). Upplevd ryggsmärta graderad enligt VAS och Borg CR-10 visade 
ingen signifikant förändring i någon av grupperna vid studiens slut. 
Studie III: Det övergripande temat som framkom var:” En väl anpassad ryggortos kunde utvecklas till 
en långvarig vänskap som gav stöd och underlättade dagligt liv”. Tre huvudkategorier framkom: 
Påverkan på dagligt liv, Individuell anpassning och Personlig relation.                                                        
Kvinnorna beskrev att den aktiverande ryggortosen kunde underlätta dagliga aktiviteter, att den kändes 
som ett stöd och minskade symtom från ryggen. De positiva effekterna var beroende av att 
ryggortosen var väl utprovad och anpassad till ryggen. Kvinnor beskrev att en relation till ryggortosen 
kunde utvecklas som kunde liknas vid en nära vänskap att stödja sig emot i det dagliga livet. men om 
den positiva upplevelsen inte infann sig utvecklades inte denna vänskap. 
Studie IV: Analys gjordes mellan ortosgruppen, som fick använda ryggortosen helt efter egna 
önskemål och träningsgruppen, som tränade helt självständigt utan kontakt med primärvården under 
sex månader. Det fanns ingen skillnad mellan grupperna och ingen förändring av ryggmuskelstyrka, 
ryggsmärta eller övriga erhållna värden från RCT studien. vid sexmånaders post-intervention 
uppföljning.  
Sammanfattning: Det övergripande syftet med denna avhandling var att öka kunskap om 
behandlingsmetoder och behandlingsalternativ som kan underlätta dagligt liv för äldre kvinnor med 
osteoporos och ryggvärk med eller utan kotkompression. 
I denna avhandling rekryterades kvinnor ur två populationer dels äldre kvinnor med osteoporos och 
ryggvärk med eller utan kotkompression, och dels en kohort av äldre kvinnor som hade följts upp i 
tidigare studier under ca 15 år, födda mellan 1920 och 1930. Dessa kvinnor utgör en vanlig 
patientgrupp som söker primärvården. 
Analys av röntgen bröst- och ländrygg bekräftade vad tidigare studier visat det vill säga att 
kotkompressioner är en diagnos som ofta inte upptäcks. 
Behandling med en aktiverande ryggortos i jämförelse med träning i grupp i kombination med ett 
hemprogram samt med en kontrollgrupp visade ingen signifikant skillnad mellan grupperna i 
ryggsmärta och i ryggmuskelstyrka. Analys av förändring inom ortosgruppen och träningsgruppen 
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visade att träningsgruppen ökade sin ryggmuskelstyrka signifikant, medan ökning av 
ryggmuskelstyrka hos ryggortosgruppen däremot inte var signifikant efter sex månaders intervention.                                                                                                                                                          
I den kvalitativa studien framkom ett övergripande tema. ”En väl anpassad ryggortos kunde utvecklas 
till en långvarig vänskap som utgjorde ett stöd och en hjälp i det dagliga livet”. I studien fick 
kvinnorna beskriva sina upplevelser av att använda ryggortosen. Det framkom att den aktiverande 
ryggortosen kunde underlätta dagliga aktiviteter som tidigare var svåra att utföra. Kvinnorna beskrev 
vidare att ryggen kändes starkare. Det var viktigt att ryggortosen var väl anpassad till ryggen och 
kändes bekväm för att den fortsättningsvis skulle bli använd.  
Självständig användning av ryggortosen och självständig träning, utan kontakt med primärvården 
under sex månader, förändrade inte erhållna resultat av ryggmuskelstyrka, ryggsmärta eller övriga 
variabler från RCT studien.                                 
Resultaten i denna avhandling indikerar att en aktiverande ryggortos skulle kunna användas som ett 
hjälpmedel och en träningsmetod för individer med osteoporos och ryggvärk som söker primärvården, 
men att fysisk aktivitet och träning som involverar och förbättrar flera kroppsliga funktioner bör väljas 
i första hand.                             
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